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QUANTITATIVE EVALUATION OF THE INTERACTION OF
CALLUS STRIPS WITH SOME HYDROXYLIC SOLVENTS*
WILLIAM J. TILLMAN, Pn.D.f AND TAKERU HIGUCHI, Pn.D.
The present communication is concerned with
evaluation of possible physical interactions of sev-
eral solvents with specimens of cornified epithe-
hum. Relatively little information is presently
available concerning responses of the surface tis-
sue to various substances applied to the skin.
Data of this nature are presumed to be of consid-
erable value in the intelligent formulation of der-
matological pharmaceuticals and of cosmetics.
Although the study reported is restricted to me-
chanical measurements on isolated callus strips, it
is suggested that the information reflects, in some
measure, in vim behavior of related keratin struc-
tures such as the stratum corneum.
More specifically the present report is con-
cerned with quantitative evaluation of the ten-
dency of isolated strips of callus to undergo stress
relaxation when exposed to certain solvents. The
relative solvating and softening effects of water,
ethyl alcohol, methyl alcohol, ethylene glycol,
propylene glycol, glycerin, and solutions of urea
in these solvents, as measured by this technique,
are presented.
Studies of this nature involving somewhat less
quantitative teebnics have been previously re-
ported. Blank (1), using subjective methods of
evaluation, has stated that the hard and brittle
dehydrated pieces of callus ivere not softened,
even after extended contact at normal and ele-
vated temperatures, by substances such as petro-
latum, anhydrous lanolin, and olive oil. But, if
similar pieces of eornified epithehium were allowed
to absorb a little water, they became soft and pli-
able. Blank contended that the water content of
the cornified epithelium was a more important
factor in maintaining the flexibility of this layer
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than was its oil content. He also demonstrated
that the moisture content of callus was a function
of the relativehpmidity of the surroundings. Sim-
ilar results were reported by Peck and Glick (2),
who found, with the use of a tonometer, that the
hardness of keratin was largely dependent upon
its water content and that anhydrous lanolin,
mineral oil, soybean oil, and glycerin did not
soften dehydrated keratin in the absence of water.
The effect of water and other solvents on kera-
tin structures has been reported by Valko and
Barnett (3), who studied the swelling of hair
fibers. They stated that acetonitrile, glycerol, N-
aeetyl-morpholine, triethylphosphate, and etha-
nolformamide showed less swelling than water
even after hair fibers have been exposed to the
solvents for periods as long as sixty days. Di-
methylformamide, ethylene glyeol monomethyl
and monoethyl ethers, and diethylene glycol
monomethyl and monoethyl ethers were shown to
cause swelling similar to that of water. However,
these solvents approached the swelling equilib-
rium much slower than water. Swelling greater
than that experienced with water was found with
formamide, glacial acetic acid, and aqueous solu-
tions of acids and bases.
EXPERIMENTAL
Apparatus
The device employed for the measurement of
changes in force exerted by a stretched callus strip
is shown in Figure 1. The strips were held by two
clamps, a stationary one joined to the microscope
base and the other connected to a strain gage
mounted on the microscope carriage, permitting
ready and smooth separation. The strain gage was
a Statham transducer, a form of Wheatstone bridge
with one arm a strain sensitive probe which trans-
forms changes in mechanical stress to changes in
electrical impulse which were recorded on the
Varian strip chart recorder. A schematic diagram
and circuit diagram of this apparatus are
presented in Figs. 2 and 3, respectively.
Use of the d.c. amplifier pictured in the above
figures was not necessary in this particular investi-
gation, since the changes observed were of suffi-
cient magnitude to be measured directly.
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FIG. I. Strain gage apparatus employed for the investigation of the mechanoelastic behavior of callus
strips.
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FIG. 2. Vertical strain gage apparatus schematic diagram
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FIG. 3. Vertical strain gage apparatus circuit diagram
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Materials
The chemicals used in this study were reagent
grade unless otherwise noted.
Procedures
Calibration of the apparatus. The strain gage
setup was calibrated before each run by measuring
the signal produced by the addition of a weight on
the sensing probe hook. The displacement of the
recorder pen was noted. Since the magnitude of the
signal produced and the millivolt span of the re-
corder were known, the response could then be
read directly in mg. of force per chart unit. In
these studies tbe force could be read to about
100 mg. as each chart unit was equivalent to ap-
proximately 200 mg.
Preparation of callus strips. Dehydrated callus
samples, mechanically removed from the plantar
surface,' were immersed in distilled water contain-
ing 1:15,000 phenylmercuric nitrate and stored at
50 C. for one to five days depending on the thick-
ness of the callus. At the end of this time the
hydrated samples were sliced on a Bausch and
Lomb freezing stage microtomc. Slices from 25 to
100 microns in thickness were removed from the
larger pieces cutting parallel to the surface of the
callus. The slices were subsequently cut into
rectangular strips approximately 0.7 cm. in length
by 0.2 cm. in width. These rectangular strips were
placed in vials and stored in a desiccator at room
temperature.
Solvation studies. Six to twelve hours prior to a
run a dehydrated strip was removed from a desic-
cator. The strip was immersed in distilled water
for about one hour. Just prior to use the strip was
measured, weighed, and finally clamped between
the two stainless steel clips of the strain gage ap-
paratus (sec Fig. 4), oriented with its striations
parallel to the applied force with approximately
0.5 cm. of the strip length exposed. The strip was
allowed to air dry and was then placed in a drying
chamber consisting of a metal can filled with
Drieritc protected by a cylindrical wire screen
into which the vertical strain gage arm could be
inserted. After lowering the setup arm into the
chamber a lid was placed over the opening and was
scaled with masking tape to allow the strip to be
more completely dehydrated. The strip was
usually exposed to these conditions for twelve
hours, during which time the strip was maintained
at as close to zero load as possible by decreasing
the distance between the two clips periodically.
'Supplied by local chiropodists and the follow-
ing schools of chiropody: California College of
Chiropody, and the Chicago College of Chiropody,
Ohio College of Chiropody, and the Illinois College
of Chiropody and Foot Surgery.
FIG. 4. Callus strip immersed in aqueous bath
and clamped between stainless steel clips.
At the end of twelve hours the tension was ad-
justed to 3 Cm. and the strip was allowed to come
to equilibrium. The strip was then removed from
the chamber and its length between the clips was
measured with a cathetomctcr. The force neces-
sary to extend the strip 4%of its measured length
(jv% Index) was measured by increasing the
length of the strip with the calibrated fine adjust-
ment knob of the microscope arm.
The strip was returned to the drying chamber
and the tension readjusted to 20 Gm. When equi-
librium was again obtained, the strip was removed
from the drying chamber and immersed in the
solvent in question. The immediate change in
tension was recorded. The strip was then allowed
to soak in the solvent for a period of five hours or
until an equilibrium tension of approximately
3 Gm. could be obtained. At this point the length
of the strip was again measured and a % Index
measurement made. Following this, the strips were
rinsed and then immersed in distilled water. A 3
Cm. equilibrium tension was again obtained and
the 3% Index measured.
EESIJLTS AND DISCUSSION
The relaxation in force exerted by dehydrated
callus strips, under an initial 20 Gm. load to
water, methanol (anhydrous), ethanol (absolute),
ethylene glycol (technical), propylene glycol
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Fm. 5. Force relaxation recorded when a dehydrated callus strip, under a 20 Gm. load, was im-
mersed in water, methanol, ethanol, ethylene glyeol, propylene glyeol, and glycerin.
(IJ.S.P.), and glycerin (TJ.S.P.) are shown in Fig. 5
as functions of exposure time. These plots were
traced directly from actual recordings of stress-
relaxation determinations. As is evident from the
tracings, the initial rates of relaxation to these
solvents were in the following decreasing order:
water > methanol > glycerin > ethanol > eth-
ylene glyeol > propylene glycol.
It was found, however, that these rates of re-
laxation were not truly indicative of the total
solvatioa effect of each substance studied. Al-
though from these data alone it would appear
that glycerin is a better solvating (or softening)
agent than ethylene glycol, on prolonged soaking
of the sample this did not appear to be the case.
Another measure of the softening influence of
these solvents can be defined in terms of the re-
sistance of a callus strip to further extension. The
force necessary to extend a callus strip one-half
percent of its original extended length (} %
Index) was measured when the dehydrated or
solvated strip was under a 3 Gm. load. One-half
percent Index measurements taken before im-
mersion of a strip and after one hour exposure in
the solvent indicated that only water had a sig-
nificant effect on the magnitude of this measure-
ment. However, after immersion of a strip in the
solvent for five hours, ethylene glyeol and meth-
anol, in addition to water, were shown to be able
to reduce the size of the 34 % Index. These results
TABLE I
Changes in the 34% Index and the Length of a
Dehydrated Callus Strip Upon Solvetion
Solvent
(5)a
34%I(DY'
x 155,
Length of strip under
3 Gm. load, cm.
Solvated" draid' ml-tial
0.42
Solva-
ted
0.52
ily-drated
0.52Water 3 3
Methanol 55 3 0.51 0.56 0.66
Ethanol 100 3 0.43 0.43 0.60
Ethylene Glyeol 19 3 0.53 0.56 0.66
Propylene Glycol 100 3 0.42 0.42 0.57
Glycerin 100 3 0.42 0.42 0.54
a (S) = strip immersed in solvent.
(D) = strip dehydrated.
= Measured after 5 hour immersion in
solvent.
= Measured after washing and equilibration
of same strip in distilled water.
are presented in Table I. The values obtained
were representative of runs of several strips in
each solvent. No significant differences were ob-
served which could be attributed to variation in
thickness of the strip. From these measurements
it appears that only water, ethylene glyeol, and
methanol were capable of truly softening a dehy-
drated callus strip. To the sensitivity of our meas-
urements, the 34 % index for water did not appear
0 15 30 45 60
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to be influenced by tbe type of solvent to which
the callus strip was previously subjected.
Tbe lengths of callus strips between the clips
and under a 3 Gm. load were measured after a
five hour immersion in various solvents. These
solvated strips were then washed, immersed in
distilled water, and their length again noted after
equilibration under a 3 Gm. load. These results
are also presented in Table I. The data again in-
dicate that only water, methanol, and ethylene
glyeol had significant softening effects on the
callus strips.
To insure that the relaxation responses, the
changes in the % Index, and the increases of
strip length elicited by the various organic sol-
vents were not a function of the water that might
have been present in the solvent, Karl Fisher
water determinations were performed. These ti-
trations indicated that there were negligible
amounts of water present.
A study of the effect of the addition of 1 M urea
to the solvent was also performed to see if urea
was able to bring about a further decrease in ten-
sion. Table II contains the percentage change in
the } % Index measurements obtained by divid-
ing the values found in the pure solvent after a
five hour immersion and in the 1 M urea solution
by the value recorded with the dehydrated strip.
Urea was found to cause a decrease in the
Index measurements when dissolved in water,
methanol, and ethylene glycol. This relaxation
effect could be partly reversed by re-immersion of
the strip in the pure solvent. These data seem to
indicate that the solvents besides water, metha-
nol, and ethylene glycol were not penetrating the
callus strips, since urea can exert its influence on
the epidermal keratin only when it is dissolved in
a solvent which readily associates with the pro-
tein.
In these studies the callus strips were dehy-
drated while clamped in the setup in order to
eliminate mounting difficulties presented by strips
allowed to dehydrate unrestricted. As the
mounted strip dehydrated a very large increase in
tension occurred. In order to compensate for this
the strip length was allowed to decrease by mak-
ing periodic adjustments with the fine adjustment
knob of the microscope arm. An attempt was
made to maintain as close to a zero load on the
strip as possible. But, even with these precau-
tions, the strip was dried in a strained state.
Similar phenomena have been reported in stud-
TABLE II
Effect of Urea on the Solvation of Dehydrated
Callus Strips
Solvent
}% I(S)"
½% I(D)b X iOO,%
Solvated + lM Urea
Water
Methanol
Ethanol
Ethylene Glyeol
Propylene Glycol
Glycerin
3
55
100
19
100
100
2
18
100
16
100
100
(8) = strip immersed in solvent or solution.(D) = strip dehydrated.
ies on hair and wool fibers, which are also keratin-
containing structures. In studies of the drying of
wool fibers (4) it has been suggested that the ef-
fect of drying is to make extension more difficult
by introducing greater internal cohesion, and
Feughelman (5) in a stress-relaxation study sug-
gested that the drying of a wool fiber in a strained
state introduced hydrogen bonds which were re-
sponsible for the stress rise on drying. This same
type of reasoning could be used to explain the
stress rise observed when a callus strip was dehy-
drated in the setup.
The subsequent relaxation noted when a dehy-
drated strip was immersed in one of the solvents
studied might well have been due to the rupture
of some of these strained hydrogen bonds. More
concerted relaxation as observed with water,
methanol, and ethylene glycol may have been due
to the ability of these solvents to readily diffuse
into the strip and associate with the more crystal-
line-like portion of the structural elements. Why
ethanol, propylene glycol, and glycerin were not
able to reduce the }z% Index, even after ex-
tended soaking, is not immediately obvious but
this may have been a function of their molecular
size.
The role of molecular size in the solvating and
diffusing powers of organic solvents with respect
to keratin protein fibers has received much atten-
tion. Some controversy does exist as to its actual
importance but most authors have interpreted
their results as meaning that the degree of pene-
tration (and, as a result, solvating ability) of a
solvent, e.g., an alcohol, into a wool fiber decreases
as its molecular weight increases (6). More spe-
cifically, Harrison and Speakman have measured
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the extent to which wool may be iodinated with
alcoholic solutions of iodine (7). The fine struc-
ture of wool, according to the authors, seems to
be inaccessible to molecules larger than those of
n-propanol. The authors took into account the
slow rates of diffusion of the solvents other than
water but even after extended periods of soaking,
the fibers exhibited the aforementioned property.
These observations appear to be relatively con-
sistent with phenomena noted in the present in-
vestigation.
It is apparent from these data that water is the
most effective solvating material for callus strips,
and in this series ethylene glyeol is second to
water, and methanol third. The other solvents
tested appeared to have some solvating power,
but their effect was limited to the relaxation of
dry fiber under stress. The two solvents shown to
have the greatest effect, water and ethylene
glyeol, are both able to associate in a fairly
ordered network through hydrogen bonding.
Water, with a hydrogen on either side of the
oxygen, and ethylene glyeol, with a hydroxyl
group on either side of the ethylene group, seem
to possess the desired polar configuration for
solvation of the keratin. Methanol, if it is thought
of as a water molecule in which one hydrogen has
been replaced by a methyl group, does not appear
to have as great an affinity for epidermal keratin
as does ethylene glyeol, even though it is a smaller
molecule. Its rate of penetration appeared to be
rapid, but only after an extended period of
soaking was there a decrease in the % Index.
Ethylene glyeol also exhibited its effect on the
3'% Index only after extended contact with the
fiber.
The apparent lack of reactivity between the
dehydrated keratin and ethanol, propylene glyeol,
and glycerin is not easily explained. Propylene
glycol and glycerin may be inactive because of
their molecular size, both being larger than n-pro-
panol, even though they are quite polar in nature.
Ethanol, however, should not necessarily be
limited by its size; but the presence of an ethyl
group as opposed to a hydrogen or methyl group
attached to the hydroxyl group may be sufficient
to hinder its solvation ability.
CONCLUSIONS
It is evident from these studies that measure-
ments of a force-relaxation type are considerably
more sensitive indicators of solvating and sof-
tening effects of solvents on specimens of eornified
epithelium than some of the earlier methods
employed. The results verify again the unique
position of water relative to its effect on these
tissues. The presented data do show, in addition,
responses of various types produced by methanol,
ethanol, ethylene glyeol, propylene glycol, and
glycerin.
Although the present investigation was limited
to studies on isolated callus specimens it would
appear that the results may be of value in formu-
lation of dermatologieal products. In particular
the experimental data suggest that the use of
ethylene glycol be more extensively explored.
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